Tetracycline-resistant isolates of Pasteurella multocida and Pasteurella haemolytica obtained from various locations in the United States and Canada were studied to determine the distribution of the tet(H) gene. Of the 31 isolates examined, 25 were found to contain the tet(H) gene. Chromosomal or plasmid DNA obtained from those that did not contain the tet(H) gene did not hybridize with probes specific for classes A through G, though chromosomal DNA from one isolate lacking tet(H) hybridized with a probe specific for class M. The tet(H) gene was found on plasmid as well as on chromosomal DNA, suggesting that it is carried on a transposable element.
Members of the genus Pasteurella are important pathogens of food-producing animals (7, 9, 24) . Treatment with antimicrobial agents, including the tetracyclines, is often used to curtail losses caused by these microorganisms. Thus, resistance to tetracycline among members of the genus Pasteurella may have serious economic consequences.
We have previously described a gene encoding tetracycline resistance in an avian strain of Pasteurella multocida (11) . The gene did not hybridize under stringent conditions to any of the classes of tetracycline resistance genes commonly found in gram-negative organisms [tet(A), -(B), -(C), -(D), -(E), or -(G)], and its sequence, while related, was only 37 to 64% similar. It was, therefore, placed into a new class denoted H. The distribution of tet(H) among tetracycline-resistant isolates of Pasteurella is unknown.
We obtained four tetracycline-resistant isolates of Pasteurella haemolytica and 27 tetracycline-resistant isolates of P. multocida from various locations throughout the United States and Canada. Susceptibility to tetracycline was determined by using an agar dilution method that utilized Mueller-Hinton agar containing 5% laked horse blood (30) . The MIC of tetracycline for susceptible strains of P. multocida is reported to be Յ4 g/ml (19, 22, 36) .
All isolates were analyzed for plasmid content, and all but five were found to contain plasmid DNA (12) . Genomic DNA of those isolates without plasmids was isolated by selective precipitation with hexadecyltrimethylammonium bromide (CTAB) (Sigma Chemical Company, St. Louis, Mo.) and then digested with EcoRI (3). Plasmid DNA and fragments of genomic DNA were separated by agarose gel electrophoresis and transferred to nylon membranes by vacuum (17, 32) . Probes were made for each of the classes of tetracycline resistance genes commonly found in gram-negative bacteria by PCR amplification of the structural gene. A probe for class M was included because tet(M) has been found in P. multocida and Haemophilus ducreyi, also a member of the family Pasteurellaceae (8, 25) . The templates and primers used for probe construction are listed in Table 1 . Conditions for amplification were as follows: 1ϫ PCR buffer (see below), 50 ng of template DNA, 250 M each deoxynucleoside triphosphate, 250 ng of each primer, and 2.5 U of Taq polymerase (Amplitaq; Perkin-Elmer, Foster City, Calif.) in a 50-l reaction volume. The PCR buffers used for each amplification were determined by using the PCR Optimizer Kit (Invitrogen, San Diego, Calif.) and were as follows: buffer A was used for Tet B and Tet E primer pairs; buffer B was used for Tet C; buffer F was used for Tet A, G, and M; and buffer J was used for Tet H. Cycling parameters were as follows: 94ЊC for 2 min; 35 cycles of 94ЊC for 1 min, 55ЊC for 2 min, and 72ЊC for 3 min; and a final extension of 72ЊC for 7 min. PCR products were purified (Wizard PCR Preps; Promega, Madison, Wis.) and labeled with horseradish peroxidase (ECL Direct DNA Labeling System; Amersham, Arlington Heights, Ill.). Hybridizations were carried out overnight at 37ЊC. Washes were done at high stringency, 39 to 40ЊC, according to the manufacturer's directions. Blots were exposed to X-ray film for 2 to 30 min.
Of the 31 isolates tested, 25 hybridized strongly to the tet(H) probe but not to probes representing classes A through G and class M ( Table 2) . Five of the remaining six isolates did not hybridize with any of the eight determinants tested, suggesting the existence of yet another undescribed class. Chromosomal DNA from one isolate was found to hybridize with the probe specifying the Tet M determinant. In addition, since we found tet(H) on plasmid as well as chromosomal DNA, it seems reasonable to conclude that the tet(H) gene resides on a transposable element, as do tet genes belonging to other classes (13) .
Our results suggest that the most commonly found gene encoding tetracycline resistance in Pasteurella spp. probably did not arise from members of the family Enterobacteriaceae, since tet(H) does not frequently occur in members of this family (15) . However, in a study of 41 tetracycline-resistant isolates of Pasteurella obtained from cattle in France, one isolate of P. haemolytica was found to contain tet(B) and one isolate of P. multocida was found to contain tet(M) (8) . All of the rest of the isolates did not hybridize with probes encoding tetracycline resistance determinants A to E, K to M, and O. A probe for tet(H) was not included. Though the distribution of tet(H) is unknown, tet(M) has been found in a variety of other microorganisms, which include the genera Streptococcus, Enterococcus, Mycoplasma, Ureaplasma, Neisseria, Clostridium (C. difficile), Haemophilus (H. ducreyi but not H. influenzae), Fusobacterium, Peptostreptococcus, and Veillonella (5, 6, 10, 18, (25) (26) (27) (28) (29) . It is not surprising that tet(B) was found in Pasteurella spp., since it is detected in H. influenzae, another member of the family Pasteurellaceae, and is also commonly found in members of the family Enterobacteriaceae (14, 15) . It is unclear, however, why tet(B) has not been found more frequently within members of the genus Pasteurella. Members of the genus Actinobacillus, another member of the family Pasteurellaceae, do not transcribe some Escherichia coli genes, a phenomenon explained by the lack of promoter recognition (37, 38) . This observation may in part explain the apparent rarity of Tet determinants that are common in members of the family Enterobacteriaceae but unusual in Pasteurella spp.
It is unknown how strains of Pasteurella isolated from a variety of different animal species acquire the tet(H) gene. The obvious source is other Pasteurella spp., since the gene has yet to be found in other microorganisms. Though pasteurellae appear to be somewhat host specific as far as production of disease is concerned, studies have shown that the same strains of P. multocida (determined by comparing restriction site heterogeneities) can be found in a variety of animal species on the same farm (7, 9, 24, 31) . It is risky to generalize to other animal species and their pasteurellae, but if cross-infection occurs between some, it probably occurs between others. Thus, the opportunity for interactions between pasteurellae from different animal species exists. Given this opportunity, exchange of genetic information is also possible.
